The low levels of physical activity (PA) in today's society are a cause for both national and international concern. Physical inactivity is associated with an increased risk for several chronic health conditions including coronary heart disease, cardiovascular disease (CVD), obesity, cancer, Type II diabetes, arthritis, cancer and decreased mental health. 1, 2 To combat these low levels of physical activity, numerous interventions have evolved, including more recently within the workplace setting. The workplace is considered an ideal setting for health promotion initiatives as it provides a setting for easy and regular access to a captured audience who are at an increased risk of sedentary lifestyles and therefore an increased risk for chronic disease. 3, 4 Evaluations of such programs to date have focused on change in outcomes such as PA, weight and other CVD risk factors with improvements shown in health risks such as high blood pressure, high blood glucose and physical inactivity. 5, 6 Evaluations have also demonstrated improvements in economic and productivity factors including employee absenteeism, medical costs, compensation benefits, and job satisfaction. 7, 8 It is well known that PA has benefits beyond the traditional health factors, such as improved psychosocial health. [9] [10] [11] However, few evaluations of PA interventions in the workplace have focused on a broader measure of health, such as health-related quality of life (HRQoL) aimed at capturing the various effects of improved PA. Health-related quality of life is an ideal measure of overall health as it is a multidimensional construct encompassing emotional, physical, social and subjective feelings of well-being which reflect an individual's evaluation and reaction to health or illness. 12 Several studies have reported beneficial effects of walking interventions for promoting increased HRQoL in the elderly, in people with ischemic heart disease and in postmenopausal women with effect sizes ranging from 0.23-0.35. [13] [14] [15] Four randomized controlled trials have also identified an effect of significant increases in walking on improvements in various measures of HRQoL in both community and general practice settings. [16] [17] [18] [19] However little documentation exists surrounding the association between PA and HRQoL in the general population, and even less is known about this relationship in a workplace setting with only 1 study to date exploring this relationship in a workplace setting. 20 This study aims to evaluate whether participation in a 4-month, pedometer-based PA program in the workplace is associated with improvements in HRQoL.
Methods

Recruitment and Participation
The Global Corporate Challenge (GCC) Evaluation is a prospective longitudinal observational study conducted over an 18-month period in workplaces across Melbourne. The study aimed to evaluate both the short term (before directly after the 2008 GCC event) and long term (12 month) associations of participation in a pedometer-based, physical activity workplace health program. Participants were recruited from primarily sedentary occupations across a range of workplace environments including an international financial services group, a patient care-giving hospital and a tertiary education institute. Participants were enrolled in the GCC Evaluation Study if they were 18 years of age or over, participating in the 2008 GCC program and at a participating workplace. Of the 811 participants who volunteered for the study, 762 were eligible for the GCC Evaluation Study and 709 (93%) participants completed the relevant sections of the survey at baseline and hence were then considered eligible for inclusion in this study on HRQOL. Sixty-nine percent (n = 487) returned and also completed the Short Form-12 (SF-12) Health Survey at 4-month follow-up. These participants were included in the before and after analysis of HRQoL. The study, project number CF08/0271-2008000125, was approved by Monash University Human Research Ethics through the Standing Committee on Ethics in Research involving Humans (SCERH).
Description of the GCC Program
The GCC program is a world-wide health initiative that aims to increase the overall health and PA levels of employees during a 4-month pedometer based program. During the 4-month GCC program, teams of 7 participants are required to wear a GCC specified pedometer (internally validated) during waking hours, with the aim that each individual will achieve 10,000 steps per day, as recommended by the World Health Organization. 21, 22 Teams then record and enter their daily step count into a web-based diary and receive monthly motivational emails and access to an informative health and fitness website available through the company's public website.
Data Collection
Data were collected at baseline (before the GCC 2008 program) and 4 months post baseline (immediately after completion of the GCC 2008 program). Both biomedical and physical measurements were collected by trained staff during scheduled morning workplace visits. Before testing, participants were asked to fast for 10-12 hours, but no longer than 15 hours, and to abstain from smoking, exercise, and activities causing pain for 1 hour before their appointment. Participants were asked to remove shoes, outer garments, such as jackets, and heavy items, such as jewelry and keys. For each participant, 3 blood pressure measures were recorded 1 minute apart using Omron IA1B Automatic blood pressure intellisense machines (Omron Corporation, Sydney, Australia) with Digitor AC 1000 mA DC output adaptors (Digitor, Sydney, Australia). Height was recorded to the nearest 0.1cm up to 200cm using a stadiometer and step ladder, weight was recorded to the nearest 0.1kg up to 150kg using Salter electronic bathroom scales (model 913 WH3R 3007) and waist and hip measurements were recorded to the nearest 0.1cm using a Figure Finder Tape Measure (Novel Products Inc, 2005, code PE024).
Self-reported questionnaires were available online and included information on demographics, health behaviors, PA, and health status. 23 For analysis, further categorization was undertaken for education as "completed tertiary education or above" or "not completed tertiary education" and occupation as "professional," "associate professional," "manager," or "clerical or service worker." Baseline PA was determined using the World Health Organization stepwise approach where participants indicated "which describes your usual physical activity level best" from 7 options, Appendix 1, and their answer was categorized as either "meeting recommended guidelines" or "not meeting recommended guidelines" if participants undertook more than 150 minutes of moderate intensity activity per week, with vigorous activity given double weighting. Fruit and vegetable intake, alcohol consumption and smoking were also categorized as "meeting recommended guidelines" or "not meeting recommended guidelines" according to guidelines outlined in Appendix 1. Self-reported increases in PA were determined by comparing survey responses concerning PA levels between baseline and follow-up and categorized as "yes" or "no." Perceived change in PA was also assessed at completion of the GCC program by asking participants "During the Global Corporate Challenge (the past 4 months) my activity level was less than previously; more than previously; or about the same as previously." This was further categorized into those who increased their PA or those that either maintained or decreased their PA. Detailed information about the GCC Evaluation Study, its objectives, recruitment, and retainment are described elsewhere. 3, 24 Self-reported measures of HRQoL were assessed through the SF-12 (version 1). The SF-12 contains a subset of 12 items taken directly from the SF-36 Health Survey with at least 1 item from each of the 8 health domains of the SF-36: General Health (GH), Physical Functioning (PF), Role Physical (RP), Role Emotional (RE), Bodily Pain (BP), Mental Health (MH), Vitality (VT), and Social Functioning. 25 Participants rated themselves on a Likert scale for each item, and scoring algorithms are then applied to produce 2 summary scores on physical and mental health-physical component score (PCS) and mental component score (MCS)-with higher scores on each scale indicating better HRQoL. The SF-12 utilizes normative data from a 1998 US population with a mean of 50 and standard deviation of 10, which has since shown to be valid and reliable in an Australian population. 26 PCS and MCS summary scores were analyzed on a continuous spectrum utilizing PCS and MCS change variables, created by subtracting baseline scores from respective 4-month scores.
Statistical Analysis
To assess the relationship between HRQoL and PA, approximately 500 participants were required to detect a 0.11 change in HRQoL with 5% level of significance and power of 90%.This calculation is based on previous meta-analysis studies by Conn, Hafdahl, and Brown 27 analyzing changes in HRQoL in response to increases in PA in chronically ill populations, in 85 study samples with 7291 subjects in total. Comparison of baseline data between returning and nonreturning participants was analyzed using chi-square (χ 2 ) tests for categorical and univariate variables and independent t tests for continuous variables.
To determine if there were significant changes in PCS and MCS summary scores between baseline and 4-month follow-up linear regression was used. Results were then stratified by age, sex, education, occupation, baseline PA measures, self-reported change in PA levels, and baseline PCS/MCS scores (according to an above/ below mean = 50 criterion). Interactions between variables were tested using linear regression on generated PCS and MCS change variables. Effect sizes for change in PCS and MCS were calculated by dividing the difference between baseline and 4-month mean values by the baseline standard deviation.
Multivariable regression analysis was performed to assess potential predictors of change in PCS/MCS using 2 different models: Model 1 adjusted for the demographic confounder's age, sex, education and occupation. Model 2 additionally adjusted for potential confounding by baseline PA and self-reported changes in PA. To determine the potential magnitude of the regression to the mean (RTM) effect on the observed change in PCS and MCS, an iterative model was used using calculations outlined in Appendix 2, taken from Linden et al: 28 The expected regression to the mean (RTM) effect was determined by subtracting the expected baseline value (from equation 3, Appendix 2) from the expected follow-up value (from equation 4; or vice versa depending on the expected direction of the variable). This was undertaken both for the designated low risk group (PCS/MCS ≥ 50), and the high risk group (PCS/MCS < 50), defined according to population mean values of 50. 29 All analyses were performed using Stata version 10 (Stata Corporation, TX) and all analyses of significance included adjustment for clustering effects by workplace. Statistical significance was established as P < .05.
Results
The study sample (n = 487) was on average 41 years of age, 59% female and 81% tertiary educated. No significant differences between returning and nonreturning participants at baseline existed for any of the following characteristics: sex, education, smoking status, alcohol intake, weight, waist circumference, body mass index (BMI), or blood pressure (Table 1) . Returning participants were older, more likely to be 'professionals' and meeting recommended guidelines for fruit, vegetable and PA levels than nonreturning participants. Baseline values of SF-12 summary scores showed that returning participants had a significantly higher PCS than their nonreturning counterparts and were 1.1 units above population norms, suggesting a physically higher functioning group at baseline. No difference between the 2 groups was seen for baseline MCS scores.
Mean PCS scores were not significantly different between baseline and 4-month follow-up, with a small effect size of 0.08 ( Table 2 ). The nonsignificant difference in PCS was shown to be consistent when stratified by age, sex, education, and occupation status. Although 'professionals' demonstrated a significant decrease in PCS score, no significant difference across occupational groups was identified. Participants self-reporting no increase in level of PA at the end of the program showed a significant decrease in PCS score, although once again, no significant interaction was identified between those self-reporting an increase in PA and those reporting no increased level of PA. Stratifications according to baseline PCS score also demonstrated that participant's who were above population mean values at baseline (PCS = 50) significantly decreased their PCS score by 2.3 units, and those below population means at baseline significantly increased their PCS score by 3.2 units, with a significant difference between the 2 groups.
Mean MCS scores significantly improved between baseline and 4-month follow-up with a small effect size of 0.15 (1.5 unit increase), Table 2 . Stratifications by education, occupation and baseline PA showed no significant difference across groups for changes in MCS. Stratifications by age, however, showed that participants who were less than 40 years of age demonstrated a significantly greater improvement in MCS compared with participants who were 40 years of age or over. Participants who self-reported an increase in PA at completion of the GCC program demonstrated a 1.9 unit increase in MCS compared with a 0.9 unit increase for those participants reporting they didn't increase their level of PA, although no significant difference between the 2 groups was identified. Stratifications according to baseline MCS score demonstrated participants who were above population mean values at baseline (MCS = 50) significantly decreased their MCS score by1.5 units, while those below population means at baseline significantly increased their MCS score by 6.3 units (effect size 0.67) with a significant difference between the 2 groups.
Multivariable analysis of variables thought to predict changes in PCS after adjustment for potential confounding showed that age, sex, education, occupation, self-reported changes in PA, and baseline PA were not significantly associated with increases in PCS (Table  3) . Baseline PCS was significantly associated with an increase in PCS, with a lower baseline PCS score predicting a greater increase, even after adjustment. Analysis of MCS demonstrated that after adjustment for demographic confounders under model 1, females demonstrated a significantly greater improvement in MCS compared with males, as did associate professionals and managers when compared with professionals. Age was no longer a significant predictor of change in MCS after adjustment for demographic confounders in model 1. Education and baseline PA did not significantly predict change in MCS. Baseline MCS was significantly associated with change in MCS, with a lower baseline MCS score associated with a greater increase in MCS, even after adjustment. Self-reported change in PA levels was not shown to be a significant predictor of change in MCS. A secondary analysis was conducted in which participants were grouped according to 'decreased,' 'maintained,' or 'increased' levels of PA. This analysis showed that participants reporting either maintained or increased levels of PA experienced a significantly greater increase in MCS compared with those reporting decreased PA levels during the GCC. Low numbers in the 'decreased' category (n = 26) for this analysis however meant these results are not very robust. Additional adjustment for potential confounding of self-reported PA and baseline PA (in model 2) demonstrated similar results to those shown under model 1 for all analyses.
Using the model described by Linden et al 28 the expected effect of regression to the mean (RTM) was a change in PCS between baseline and follow-up of -3.2 for the low risk group and of 2.5 for the high risk group. In comparison the observed PCS values were -2.8 and 3.2, respectively ( Figure 1 ). For MCS the expected effect of RTM was a change between baseline and follow-up of -3.9 for the low risk group and 3.3 for the high risk group. In comparison the observed MCS values were -1.5 and 6.3, respectively (Figure 2 ). 
Discussion
Our study has demonstrated that participation in a 4-month PA workplace health program was associated with a small increase in the mental component of HRQoL (MCS) over the course of the program, no change in the physical component (PCS) was observed. Those that reported an increased level of PA associated with participation in the GCC program had greater improvements in MCS between baseline and 4 months than those who did not report an increase in PA. Within those who had a low MCS baseline score, a moderate increase in MCS over the course of the program was also observed. Females also showed a significantly greater increase in MCS compared with males. To date, there is limited research analyzing the impact of workplace health programs on employees' HRQoL. Only 1 study 20 has examined the association between PA and changes in HRQoL associated with a workplace pedometer-based intervention. This study by Puig-Ribera et al reported no significant changes in step counts or HRQoL as a result of the intervention. They did, however, observe a trend to suggest that participants with the greatest increase in step counts consistently showed greater changes in HRQoL. Our findings of improvements in MCS are consistent with the few prior studies conducted on PA interventions in the general population. 16, 17, 30, 31 Specifically, Ashley et al 16 reported small, but significant, increases in MCS and no change in PCS which they suggested was most likely explained by ceiling effects. As described in our limitations section, ceiling effects may also be contributing to the (current results. However, our analysis of the related issue of regression to the mean suggests it is unlikely that such an effect is the sole explanation for the observed improvements in MCS. In addition, none of these previous studies however have been conducted in a workplace setting or with the use of pedometers.
Changes in MCS of 1.5 units with an effect size of 0.15 is considered to be below the 'benchmark' for a small treatment effect and one not considered to be clinically significant. 32 Samsa et al 32 have attempted to define clinically important differences in HRQoL measures, and concluded that a 3 to 5 unit increase in PCS/MCS is considered to have clinically meaningful benefits for individuals. In those participants who had a lower MCS score at baseline, we found increases in MCS of around 6 units, suggesting a clinically meaningful response may have been observed in the half of the study population that was in most need of improvement. Other studies have also reported a potentially targeted effect in which those most in need, experience the most benefit. 17 There are several strengths of this evaluation study, including the variety of sedentary occupations and the large sample size which may make our results more generalizable than studies that focus on 1 workplace, company, or occupation. 3, 5 In addition the large sample size and quality of measurements, 3,5 gave substantial power allowing precision in our ability to infer a relationship between participation in the GCC program and subsequent changes in HRQoL. In addition, this evaluation is novel as it is the first large study to look at the association between participation in a workplace pedometer-based PA program and subsequent changes in HRQoL.
The primary limitation of this study is the potential of selection bias associated with workplace recruitment, individual recruitment and participant retention. 3 In general, volunteer populations enrolling into and persisting with an evaluation study may be more motivated than other employees within the same workplace. In our comparison of returning and nonreturning participants we found that returning participants had a greater percentage of participants meeting guidelines for PA, fruit and vegetable intake and had a significantly higher PCS at baseline (51.1 versus 49.2). This selection bias of healthy volunteers could either indicate that any observed effects are likely to be an overestimate due to the enrolment of motivated participants, or an underestimate due to the participant's inability to increase their already high scores. 3 However, in this study baseline MCS scores (49.1) were comparatively lower than Australian general population norms (52.4), 29 suggesting that selection bias for this characteristic did not occur. These issues are a common problem for evaluations of 'real world' health programs as only those enrolled in programs can be evaluated. In addition, the pedometers used in this workplace health program were internally, but not externally, validated.
Another potential limitation is the lack of a control group. However there is no priori reason to expect HRQoL to improve over time without being exposed to some form of intervention or therapy, and by using multiple workplaces, the potential of additional influences would have been reduced. 3 Without a control group we are unable to formally test the potential effect of regression to the mean (RTM), which is known to occur with the SF-12. Within our study we were able to determine that the magnitude of observed change in MCS in the high risk groups were a greater improvement than would have been expected from RTM alone. In addition, the SF-12 does have some frequently mentioned limitations, namely the ceiling effects and observed regression to the mean. Ceiling effects have been reported in several previous studies of general population samples presumably due to the lower frequency of dysfunction in the general population. 16, 17, 31 Ceiling effects may have thus led the study to underestimate the size of the effect of the GCC program on HRQoL for both physical and mental components.
This evaluation has demonstrated the potential for improving sedentary employees HRQoL through workplace pedometer interventions. Specifically, this study has shown an improvement in the mental component of HRQoL associated with participation in the Global Corporate Challenge, a 4-month pedometer-based workplace health program, with greater increases in participants who were also able to increase their PA levels. Given the evidence for improvements in broader health measures, we recommend that future workplace health programs need to focus both on achieving and evaluating improvements in these broader constructs of health rather than just cardio-metabolic risk factors.
